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ABSTRJS^CT 


In this work an attempt has been made to fabri- 
cate cylindrically woven glass fibre - epoxy composite 
material discs and to study the stress distribution of 
the same untier eccentric loading. ^ theoretical analysis 
has also been carried out to study the problem of stress 
distribution in cylindrically anisotropic plates for the 
most general case. P method of preparing cylindrically 
anisotropic plates is develooed and strain gauge technique 
IS used to study the stress distribution with the plate 
subjected to eccentric loading. 



CHiiPTER- \ 


I^fTRO DUCT ION 

t.l Literature Survey: 

Attempts were made for the first time by Carrier 
and Ithaca [t] to trovide mathematical analysis of the 
distribution of stress in thin cylindrically anisotropic 
plates. They solved the oroblem for various types of 
loading, obtaining the general solution under arbitrary 
boundary conditions. Around the same time Lekhnitsky [s] 
studied extensively the plane problems in theory of elas- 
ticity for a body with cylindrical anisotropy. Indepen- 
dent work were also carried out by other investigators 

[3], [4], [5]. 

The problem of bending of a cylindrically aniso- 
tropic plate was investigated by Carrier et al [2] for 
central loading and Sen Gupta [?] for eccentric loading. 
Sen Gupta investigated the problem of the bending of a 
cylindrically anisotropic circular plate of uniform thick- 
ness under eccentric concentrated load for the clamped 
edge mode. Few other investigators Salzman and Patel [s] 
Kirmser, Haung and ’'doo [?], Pandalai and Patel [lo]. 
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Minkarah ani Hoptimapn ;1l] anr^ Bellini and D'^.ialo [l2] 
have attempted .some of th^ Problems of cylindrically aniso- 
trooic boeiies subjected to dynamic loading. Although, 
atteiT^pts have been made by many investigators in analys- 
ing the oroblrm, during the course of literature survey, 
it has been observed that very little work has been 
reported so far as material properties of cylindrically 
reinforced comoosite is concerned. It has been observed 
that the experimental determination of material properties 
of a rectilinearly reinforced composite is straight for- 
ward and only tensile soecimen are needed, but such simple 
specimen cannot be used for the case of cylindrically 
reinforced composites. 

The mechanical prooerties of composite materials 
are studied from two apnroaches viz. inicromechanics and 
macromechanics. In the micromechanics aorroach the inter- 
action of the constituent materials is examined on a 
microscopic level, whereas in the macromechanics approach 
the composite material is presumed homogeneous and the 
effects of the constituent materials are considered as 
averaged properties of the composite. Dhoopar et al [is], 
Paul [14], Hermann and Chan [is], Adams and Tsai [I6], 
and Helpin and Tsai [t?], have applied micromechanics 
approach to study the material properties of composite 


materials 
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In macrornechanics aiooroach the average pro- 

rerta ee of r>pterial are reauirecl. These are usually 
determined exDerimentally . Sachse [is], Taucnert and 
Guzrlsu [19], ^idams and Thomas [20] have investigated the 
rectil inearly orttotrooic comDoaite, 'iowever very little 
work has be'^n carried out to investigate the cylindrically 
anisotrooic specimen. Hermann and Chan [ts] have suggested 
a set of SIX erpcrimants to be conducted on different 
cylindrical specimens for characterizing the mechanical 
properties of cylindrically anisotropic plates. 

In a recently reported investigation carried out 
by P.K. Cinha [21] an attempt has baen made in characte- 
rization of material properties of cylindrically reinforced 
anisotropic composite. It is nov; well established that 
the material properties of the composite material depends 
on the fibre volume fraction. For evaluating the material 
Properties, the existing approach is to use the properties 
of a rectilincarly orthotropic composite ot the same com- 
position and constituents. The radial dependence of the 
properties of cylindrically anisotropic plates has been 
found to bo negligible. However Sinha et al [22] have 
carried out experimental investigation to study the effect 
of radius. They have established that within a small core 
at the centre the material properties are strongly depen- 
dent on radius. It was also observed that the material 
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behaviour is isotropic at the centre, v^hereas the pro- 
oerties are orthotropic nd iiniform in the region outside 
the core. 

Carrier and Ithaca [l] have considered an iso- 
trooic homogeneous core extending upto 0.1 r of the 
centre. Sinha rt al [2?] have shown that a great resem- 
blance exists between experimental and theoretical results, 
if the isotropic homoaeneous core extends only upto 0,01 r, 
leaving the material properties away from the core region 
as orthotropic and uniform throughout. Both the investi- 
gator have, in their mathematical model taken into account, 
the material singularity at the centre by assuming an 
isotropic homogeneous core and have shown that a pin hole 
at the centre does not affect the stress distribution 
significantly. The level of stress near the hole remains 
very low. 

In another paper Carrier et al [ 2 ] have studied 
the problems of bending of cylindrically anisotropic 
circular discs for different boundary conditions. The 
problem of a cylindrically anisotropic disc subjected to 
eccentric loading was studied by Sen Gupta [?]. Using 
a mathematical model he has obtained analytical relations 
for the moments and the deflection. 


f 
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1.2 Present '•Jor'k:; 

In the Dresent work cylinf^r ical ly anisotropic 
ciisc v?as subjecter’ to eccentric loading in a simply 
supported mode. The work has been classified in three 
croups . 

1) General formulation of olane stress problem of 
a cylindrically anisotropac body. 

2) Develooment of the fibre winf^im technigue for 
the fabrication of cylindrically reinforced 
comoosite discs. 

?) Manning of stress field developed when a concen- 
trated eccentric load is apolied. 

Most of the investigator have analyzed the prob- 
lem of cyl indrically anisotropic body only for plane 
stress mode. In tne present work an attempt has been 
made to provide general formulation of the problem of 
cylindrically anisotropic body subjected to bending 
moments and axial forces. The cases of plane stress and 
plane strain can be deduced from this general formulation. 

Sinha had developed a hand winding set up for 
the fabrication of composite material discs. In the 
present work an automatic set up was made for the fibre 
winding by converting a lathe machine into a winding 
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mechanism. In hand windinq the rotation of the wheel 
does not remains unifoarm throughout giving rise to non- 
uniform pressure exerted at di-f^ferent portion of the discs. 
In the automatic process developed for the present work 
the pressure applied remains uniform which eliminates the 
squeezing operations, resorted to in the hand winding 
techniaue to provide uniformity. 

Till now, little «^ffort is m-'de to study the 
variation of stresses when a cylindrically anisotropic 
disc has been subjected to eccentric loading. Sinha et al 
[21] have investigated the stress distribution in a 
cylindrically anisotropic plate subjected to diametral 
pressure using photoelastic technique. In the present 
work the stress distribution in a cylindrically aniso- 
tropic plate subjected to eccentric loading is considered 
using strain gauge technique. 



CiA PTER-2 

GENE^?M^ FORMULATION OF PLANE STRESS PROBLEM OF A 
CYLINDRICALLY ANISOTROPIC BODY 

2 . 1 Intro 'Auction: 

The heterogeneous fibrous composites/ in general 
are assumec^ to be homoaeneous and anisotropic material 
for the purpose of stress analysis by the macromechanics 
approach. As a particular example, circumferentially 
reinforced composites can be idealized as cylindrically 
anisotropic homogeneous materials. Carrier and Ithaca 
[t] have derived the governing partial differential 
equation for the plane stress problems without body forces 
in a similar manner as reported by Timoshenko for an iso- 
tropic material. The general solution has been reported by 
Carrier[l] for the simplified case of a plane stress 
problem for a cylindrically anisotropic homogeneous 
material. Here, m this work the governing equation has 
been formulated for the moat general case of the defor- 
mation of a rod under the influence of tension, bending 
and body forces. However, the body possesses cylindri- 
cal anisotropy in which the stresses do not vaby along 
the generator. 
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2 *2 General Formulation: 

General formulation of a plane stress problem is 
considered in two oarts. 

a) Derivation of a governing eauation for a body 
bounded b’'.?' an arbitrary cylindrical surface and 
possessing cylindrical anisotropy of the most 
general kind. 

b) Simplification of this most general eguation to 
obtain the governing eguation for tbe plane stress 
Problem for cylindrically anisotropic homogeneous 
material . 

Assumptions - 

Let us assume that 1 ) the axis of anisotropy is 
parallel to the generator of the cylindrical surface 
2 ) the stra>sses act on the planes normal to the generator 
and do not vary along the generator and, 3) the body 
forces are derived from a potential function. 

The generalized Hooke's law is stated as - 
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Let us introduce the notation 
B = cr^ + 823 + 8^3 + a^g t 

On integratinq the third, fourth and sixth equations of 
the qeneralized Hooke's law (2.1) 
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Thi"^ axir tF ani'^otropy is the 2 axis of cylin- 
f^Tical coor'^ inn te i", 6, z. The POl = r axis is taken 

arbitrarily. 

According to assupotion (3) 
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e = - 
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The loadina of tte body is shown in Pig. 2.1. 
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1 
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(2 .22 ) 


For a body with a bounded cross section the 
followincf conditions must be satisfied. 

|;T // ^^ISO'e 4- ^23 ®r * ®34'^rz 
+ ^35 '^ez + 4>36 -^re’ " 


(©•^ + F^ + C) S - 


eqn . contd .... 
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o ^ ^ ^ + • 
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^35 '^re^ 


(r =;in0 ) dS = M 


FI, 


‘33 


JS (a,, ^ cTq + 32"^ cTj- +...+ x r-a'^ 


36 ^rQ' 


(r cos© -^) dS = 


/; r as = K^g 


(2.23) 


''Jhere the integrals are talcen over the area of cross sec- 
tion. For the given external stresses the condition on 
the contour of the cross section can be written in the form 
(n is the direction of external normal): 


cos 

(n,r ) 

+ cos ( 

n,© ) : 

li 


T cos 

r© 

(n,r ) 

+ a Q cos 

(n,e) 

= '^n 

(2.24) 

X cos 

rz 

(n,r ) 


(n,0) 

= C 



Thus, we obtain the stress functions which satisfy 
both the system (2.22) and the boundary conditions. These 
stress functions contain the constants © , G , P and C. 


2.3 Plane Deformation of a Body with Cylindrical 
Anisotropy 

If a body has a plane of elastic syrnmetry normal 
to the generator of the cylindrical surface, then, the 

constants a^^ » ^2 4 ' ^34 ' ®46 ' ^15 " ^25 ' ^35 ' ^56 
are equal to zero and consequently. 



^ « p 

14 24 


-8 - - - 8 - O 


15 




56 


( 2 , 25 ) 


rhus the tornuletion involve*^ only the function 0 . 


2.4 Deforrnation of a Ror! Tinder the Taction of an 
Axial Force and Ben'''' 3 nq T--totnents 

If the body le acted uoon bv the stresses which 
reduce to the axial f^^rce P and to the bendino monients M- 
and Mg act on i-he eu'^s then the function 0 satisfies 


D ,0 = 2 [(; 


1 3 


® 23 > ° - ®36 r 


sinQ 


+ 2 G + (a 

^2 3 


36 '"13 

) f] gosQ 




- <-h2+ ha’ M 


2 — 

1 ^ U 
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'hi - h2> + 'hl 


2l? 


2 6 "^ r ira© 


- 3 ) 1 

22 ^ 12 ^ r ir 


^®16 ^ 26 ^ ^2 ,© 


( 2 . 26 ) 


The components ot stresses are given by 

2 , 


a 


0 


. 1 ^ 

r ar 


'0 

“T 

r ciQ 


+ U 


+ U 


( 2 . 27 ) 


^ ■ 


'^re“ “ 'jra© 
'rz“ ''©z 


( 0 /r) 


T = X = 0 


a = Gr sin© + Fr cos© + G - 

z ^ 


13 ^r ®2 3 ^0 '"36 'C r© 


-f 3 - 


33 


,] 
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rhe comoonents of r^ispl a cements are given by 


(G sin© + F cos©) + U + 2 (w„ cos© - w. sin©) 


4- Uq cos© + Vq sin© 


u„ = 
© 


ry'^ 

^(G sin© + F cos©) + V + r + Z ( 


sin© 


- cos©) - sin© + Vq cos© 

= 2 (Gr sin© + Fr cos© + C) + + w^r sin© - r cos© 


;2.23) 


2.5 Benfiing of Cylin^rically Anisotropic Disc 
Uniter Eccentric Loading 


This IS 3 soecial case of bending of a rod possess- 
ina cylindrical anisotropy in Which* the stresses do not 
vary along the generator and in which case 


0 , ®13 “ ^ 2 ? 


(2.29) 


and body forces are absent. 


Thus/ the equation which determines the stress 


function 0 becomes homogeneous.. 

D^0 = 0 

where D. is defined for this special case as 


: 2 . 30 ) 
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^4 “ ‘^22 ^ 4 


( 23.0 + ^ 
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12 ^ ^ 66 ' ^2 
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■i;”2 “4 

I dQ r 


^^22 r ^ ~ ^ 
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1 O 




eqn . contd . . . 
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^11 ^2 2 ''^^11 + ^^12 ^ ^ 
r ,r Li - . 


4 

r ''© 


+ P 


11 3 '.r 

r 


(2.31) 


ani are reducec^ to 


11 


12 


1 1 


13 


" ^22 ~ ®22 


= a 


12 


^13 ^2 3 
®33 


^13 ^2 3 
®33 


" ^66 ~ ®66 


(2.32) 


for a case in which thickness is very small compared to 
the radius of the plate the stress along the thickness, 

0 „ - 0 , This pertains to plane stress problem, hence 
Pjl * . a ^2 , gjj = 3^2 and = a^g and the 

homofjeneous equation = 0 reduces to the same form as 

obtained by Carrier and Ithaca [l]. 


The solution of this equation is obtained by 
applying separation of variables technique, assuming, 

■MV 

t = In r and introducing a new function, W(t,G) = e 0(r,©). 
The equation then have the useful solution of the type 

® = (Hj (e) T(t) .. . (2.33) 

These give the following solutions for 0 , when 
the relation between '¥ and 0 is again used. 
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r/ 2 1 4.a 1 —a 2 

s? - a^r + + a 2 r + b^© + b^r © + c^r 8 sin© 

+ c^r 9 cos© + C2r^'*^ © sm© + 9 cos© 

+ + Br + + Dr In r) sin© (2.34) 

1 4-l<’ 1 •— V 

+ (Er + Pr + Gr^~ + Hr In r) cos© 

“T , l4-,3'*‘ l-P"^ 1+3“ 1-3* 

+ S ( Am r ' + Bm r + Cm r + Dm r"^ ^ )sin mk© 

m=t,m'k;.^l 


+ S 

m=l,mk;>^l 


(Em 


1 +' 


0 + 


,+ 


+ Fm r 


+ Gm r 


1+P' 


+ Hm r 


1-3' 


) CO s mk© 


Once the strep's function 0 is knot^m the components 
of stresses can be obtained bv substituting the expression 
for 0 in exTuation (2.27). 




;c Body Subjected to Monneni 
Axial Force 



CHAPTER- 3 


BENDING OF CYLINDRICALLY ANISOTROPIC PLATE 
SUBJECTED TO ECCENTRIC LOADING 


3*1 Small Deflection Theory 

Small deflection theory approach adooted is 
similar to the one given by Timoshenko for isotropic case 
[ 23 ]. Taking a sectorial element under general loading 
the moments and shear forces developed are as shown in 
Pig. 3.1. The equation of equilibrium derived from a 
consideration of the couples and forces acting on the 
sectorial element shown in Pig. 3.1 are same as in iso- 
tropic case. 
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.. f 2 ^ d / 1 

^©r ^ ^ k agg^ dr ^ r d©^ 


(3.1) 


(3.2) 
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and the f erential eauation becomes 

.3 


,4 4 

r . 2^ ^ 

I 4 + ^ 


, 2_2 
r dr <3© 
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. 2(1 +o) ^ 

7~TI2 + — 4 — 7^ 

dr d© r d© dr 


2C d' 1 d" 1 d ■ 

~ ’~3 ^ “3 dl^- 

dr r dr r 


w = 


RC 

D' 


(3.3) 


T# study the bendir^ of cylindri cally anisotropic 
circular plates under a concentrated eccentric load P , it 
is assumed that the load P is applied at a point A at a 
distance r from the centre 0 of the plate. Considering 
the plate as divided into two parts by the cylindrical 
section of radius pt, the deflection for each of these 
portions of the plate can be found from the solution of the 
equation - 


1 d 


^4 4 

r d© r 


20 

2 


d*^ 2a ^ 2(0 + 1 ) d^ 

dr^ d©^ r^ dr d©^ r"^ d©^ 
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(3.4) 


Assuming the solution of this equation to be 


w = Rq + S cos m© 

msl 


(3.5) 


where. 




--k" 


and. 


= A^ r + r- " + r log^ 

l+Pm+S, ^ 3.1+'’^,-%. 
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Fimilarly the expressions for the functions Rq ' , 

R|' and , correi onding to the 'nner portion of 

the plate arc gotten. The constants for inner portion are 

A ' , B ' ^ C ' , D ' instead of A , B , C and D and 
mmmm mmmm 

from the condition that moments/ deflection and shear 
forces mu'^t be tmite at the centre of the plate, we have 


'0 





C 


1 



(3.7) 


C ' = D ' = 0 
m m 


Hence, 




P ^ 


R ' 

m 


1+^m-^m g , Pm" 

m m 


(3.8) 


Thus, for each term of series six terms have to 
be obtained - four for the outer portion of the plate and 
two for the inner portion. 

These can be obtained from the boundary condi- 
tions and the conditions of continuity along the circle of 


radius R 
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The reauireh equations for simply supported end 
condition are 


^2 

(_dw, 


(3.9) 


From the condition of continuity at circle of radius ' R 

2 2 

dw dw. d w d w- 


w = 


dw 

dw^ 

d^w 

d^w 

“ 

/ 

TT 

= Y 

dr 

dr 

dr 

dr 


( 3.10) 


and the last condition is obtained from the condition of 
continuity of shear force at all points of circle at r=R 
except at the point A. Representing the load in a series 
form 

p ^ 1 ^ I 

^ "Y + 2 cos me r 

m=l 

the expression for shear force can be obtained from (3.1) 
and (3.2) 
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+ S cos 1 
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(3.11) 
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With the help of eouations (3.9)/ (3.10) and 

(3.1'’) the functions R 'nd R ' can be obtained. Since 

m tn 

R^ diminishes rapidly as m increases, only a few terms of 
the series Ea. (3.4) need be calculated to obtain the def- 
lection at any point with sufficient accuracy. 

The solution R^ which is independent of the angle 
© reoresents symmetrical bending of circular plates. 


3.2 Evaluation of Deflection When Central 
Concentrated Load is Applied 

The evaluation of deflection for the eccentric 
load is very cumbersome by this analytical method. However 
Sengupta [?] and Carrier et al [ 2 ] have obtained deflection 
for a circular plate under concentrated load with clamped 
edge as 


w 


Pa 


4 ^ (a-1) D' 


[ (r/a )“ 


(1+ / a) 


(r/a) 


( 1+/CL) 


(/a-1) 


(3.12) 


(/a+1 ) 

where as Timoshenko [^2 3 ] has obtained the expression for 
deflection for an isotropic circular plate under concen- 
trated load for fixed ends as 


Pr r P 

^ ^ — £ — log - + 

8 D' ^ 16 ^ D' 


{a= - rh 


(3.13) 


and for simply supported edge condition by 







tt J3 


L '-a 


where v 


) + 2 log ] 

at 

ratio . 


( 3.14) 


3.3 Comparison of Radial Strain for Central Loading 


The relation between strain and displacement are 


8 

r 


3u 


+ 1 ^ 
9 r r s© 


(3.15) 


where 


u = - Z ( ^w/ 5,r) 

V = - Z/r ( ^w/ 3r©) 


(3.16) 


The expression of deflection for the isotropic 
and cyl indrically anisotropic cases for the clamped edge 
conditions are given by(3.13) and (3.12) and for simply 
supported end condition by (3.14). 


For a central load of 10 "kg . and talcing the 
appropriate values of D' the radial strains for various 
modes thus developed for the plate are as given in Table 


3.1. 





Tablo 3.1 



Particular 

r ( cm ) 


0 

1 

3 

4 

6 

7 .5 

9 i 

1 


Experimental 

- 

B 

96 

43 

44 



18 

i 

-30 : 

e 

r 

i 

iim * 

( ^n^lvtical ) 
Clamoed edac 
Isotrooic plate 

00 

150 

36 

6 

-36 



-60 

-^6 

rn 

Simply supported 
Isotrooic olate 

oo 

227 

115 

34 

1 

41 

18 

-5 


Clamped edge 
ianisotropic 




1 

'77 

54 

i-13.9 

-37 

1 


Fig. 3.i gives the comparison of experimentally 
obtained strains with theoretical values. 


where 


= 1304.25 Tcgf-cm for anisotropic material 


32 6.06 kgf-cm for isotropic material 
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CHAPTER- 4 


"TTEL FAPRlCATIOKf ATD EXPERIMENTAL SET-UP 

4.1 Fabricat-ion of the Model 

Ag '^he cvlindrically reinforced lamina is not 
available commercially, it has become necessary to fabri- 
cate the same in the laboratory. An ingeneous method of 
cantina the c^?’lindrical Iv reinforced glass epoxy composite 
lamina was developed by Sinha et al [ 21 ]. In the present 
worb modifications were made in fibre winding set up for 
fabrication o^ composite material discs. The set up 
do'-iqned and fabricated is shown in Fig. 4.1. This set up 
was used for making cvlindrically reinforced glass epoxy 
compcmte discs of various thicknesses. 

The matrix used was CY-230 epoxy resin cured 
vn th 9^ HY-951 hardner, whereas the reinforcement used 
was E glass fibre in roving form. E glass fibre were 
pulled from the fibre riel successively through a roller 
and pulley grove dipped in liquid matrix and a closed 
inclined channel containing the liquid matrix flowing 
under gravity in the direction opposite to its pull. It 
was then wound on a very thin stainless steel pin fixed 
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’ r^vnr-r tw"' rersnpx -i: scs which were given sufficient 
riiihitv hv -uncortinq aluminium discs. 

On c-'i-nletion of the winding, the lamina was 
vre^sed in a fixture as shown in Pig. 4,2. The lamina 

kent between two mylar sheets and aporopriate spacers 
were used ps p^.^- the required thickness before tightening 
the f ixture. 

4.2 ’^xneriwental Set Up 

A di='c of 24 cm diameter and 6.8 mm thickness, 
\/hich was fabricated bv the fibre winding technique 
developed in the laboratory was used. The matrix material 
used for fabricoting the disc was CY-230 epoxy resin cured 
with 8^ of HY-951 hardner and the reinforcement was pro- 
vided bv P~qlass fibre in roving form. 

The disc was machined to the size on a routing 
machine. Along one of the diameter of the disc twentyone 
strain gauges in the form of seven rossets (SR-4) were 
fixed at different radial locations as shown in Pig. 4.3. 

Prior to taking readings, the gauges were ini- 
tially cycled alternately by loading and unloading. 

The disc was fixed in the simply supported 
mode in a mild steel fixture consisting of two mild 
steel plates as shown in Pig. 4.4. 
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f rpff'^+ric ncint loadinq was carried out in 
-r.t^l.'vr t'-’ t of lo-idinq frame wnich was designed 
’ r t i - -xnc'f^ic rxreriment. The strain developed was 
“•I’vctly nr^'toi through a Budd type strain indicator. The 
li c rotated in i^uccession by an angle of fifteen 

hqrrps. The orocess was repeated for all the t\N?entyone 
r,t r'» ' n >uge o . 

'^he composite material requires the determina- 

tic<n of ■^our material properties viz. , E , and 

© r ©r 

'pj- obtain the stress developed when the plate is 
ouhipctr^’’ to eccentric loading. These material proper- 
ties as m'''on in Table 4.1 are taken from the work reported 
by tinha [ 21 ] for CY-2 30 with 9/ HY -051 epoxy resin with 
40^ fibre volun'o fraction composite material. 


Table 4.1 


Particular 

F_ ( Kg/cra^ ) 

X 10^ 

(Kg/cm^ ) 
X 10^ 

Sej-CKg/emh 

X 10^ 

Experimental 

2.541 

0.494 

0.160 

0.197 

Theoretical 

3. 180 

0.133 

0.161 

0. 32 3 
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The coefficients of the generalized Hooke's law 
were obtained from the material constants as - 


®2 2 

^12 



3.9 355 X 10“^ cm^Kg 
20.243 X 10“^ cm^/Kg 
0.775 3 X 10~® cm^Kg. 


(4.1) 


The strain gauge rossetes were fixed at diffe- 
rent radial locations as shown in Pig. 4.3. The Budd 
'type strain indicator was used to record the strains 
developed at these points when load was applied at diffe- 
rent locations. 

The stresses a and cf_ at these points are 
r © 


given by 


^11 “^r “ ^12 ^© 

~ 2 
^11 ^22 " ^12 

^'2 2 ~ ^12 c^r 

22 “ ^12 


(4.2) 






^ig. 4.1 : Fabrication Set Up for the Preoaration of 
Cyl indrically Anisotropic Discs. 


Fig. 4.2 : Details of Fixture Used for Curing the 
Cylindrically Anisotropic Lamina. 
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Pig. 4.3 



CHAPTER- 5 


RESULTS AND DISCUSSION 

Piqure 5.1 gives the radial variation of o’ 

r 

and when concentrated load was applied at the 

centre of the plate. The theoretical stress distribu- 
tion in an isotropic plate subjected to central load as 
q'fvon in Fig. 5.2 is reported by Timoshenko et al [ 23 ]# 
while comparing Fiq. 5.1 and Fig. 5.2, it is observed 
th •=>t, although the pattern of stress variation in an ani 
rotrooic plate is similar to that of an isotropic plate 
hovrevor, near the centre, the magnitude of Oq is much 
larger compared to the magnitude of o^ in anisotropic 
plate , whereas the magnitudes of q_ and are equal 

for an isotropic case. This discrepancy is because of 
the anisotropic nature of the plate, where is not 

equal to As the direction of fibre orientation is 

circumferential, the circumferential modulus of elasti- 
city E^ is much larger compared to radial modulus of 
elasticity E^. 

Piqure 5.3 is a reproduction of work reported 
by Timoshenko et al [ 23 ], giving the pattern of circum 
ferential variation of Bending Moment and hence bending 
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is at a radius of 

“ on a sinroly supnortcd isotro- 

F: : :5t 3.4 t» Fkj. d.6 and Fig. 5 .o to Pig. 5.10 

;i” -'i rrur'f< rrntial variation of a and respec- 

IT y 

* jV, ro'^itions of r = 3 cm, 6 cm and 9 cm when 

' r “ r i ' h' anplird ^t radial locations of R = 1 cm, 

CT'«, ■> fT', 7 cm and 9 cm. The pattern of stress distri- 
tut i )n c \ tain, d is similar to the one reported by Timo- 
isotrc.pic olate as shown in Fig. 5.3. 

It h.-s al^c been observed that the angular 
dn < n ''--n.-i of is much more strong compared to that 

of d At a rotation of 180®, the magnitude of cr_ 

H X* 

lithrr reaches zero or becomes negative, whereas the 

« 

m.nfnitudc of h always remains positive. The reason 
for v;r,ihr<r dforndrnce of with respect to 0 is the 

cvlindrical orientation of fibre. 

Figure D.ll to Fiq. 5.14 and Fig. 5.15 to Fig. 

5.18 .show the nature of variation of and respec- 
tively, along the radius when eccentric load is applied 
at different angular positions of 0°, 30°, 60° and 90° 
at five different radial positions of R = 1 cm, 3 cm, 

5 cm, 7 cm and 9 cm. 
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As the singularity occurs at the point where 
concentrated load was applied, the stress developed at 
those points was infinite as shown in Fig. 5.11. The 
Tnaximum stress also occurred at the radial positions of 
1 cm, 3 cm, 5 cm, 7 cm and 9 cm, where the concentrated 
load was applied successively. However the radial depen 
dence of is not very strong as compared to the 

radial dependence of dj- • It was also observed that 
the magnitude of maximum stress developed reduced succes 
ively with angular rotation from 0 = 0° to 9 = 90°. 

In an isotropic body with pin holes at the 
centre, stress concentration was found to be significant 
near the pin holes. However, it was observed experimen- 
tally that no such stress concentration takes place in 
a cylindrically anisotropic plate where a pin hole at 
the centre is unavoidable due to model fabrication 


constraints . 
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Fig 5.7 Circumftrenciai Variation of or When Load Applied at 

Rsilcm 
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Fta&9 CircwniefertJirt Varkflion of <re When EcCwtfriC Load Applied 

at R=5cm 
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anr( kg/cm*) 
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F«g.5.14 Radial Variation of When E^xentr 

load Applied at 8»S0 Degrees 
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CONCLUSION 

In thf‘ present work an attempt was made to 
study the problem o-p plane deformation of an anisotropic 
lX3''‘’y. Clhe differential e>quation for stress potential 
function is obtained for the plane deformation and a 
procedure is also outlined to obtain the stress function 
for various other modes. 

The major contribution of the present work are 
as follows- 

a) A laboratory method for the fabrication of 

cyl indrically composite disc has been developed. 

b) The fabricated models have been tested for the 
behaviour under ecc'^-ntric loading. 

c) Using the strain gauge techniaue, stress deve- 
loped in an anisotropic body subjected to 
eccentric loading is mapped. 

d) No stress concentration is observed near the 
pm hole which is unavoidable because of the 
techniaue used -Por model fabrication. 
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• «; t :t ' S finite clr'mrnt solution to the 

au 'i'^fr'ntiel c?rruatxon will t>e useful for 
r-OTf.n ’rinq with the results experimentally obtained 
in this work. 

' An fxp«rlmrntal and theoretical study of the 

disc subjected to dynamic loading should also 
be done . 

i 1 i The problem of stress concentrat-on near the 

central hole of various diameters in cylindri- 
cally anisotropic plates should be investigated. 
For i'-otropic material a high stress concentra- 
tion near pm hole at the centre of the disc 
exists/ whereas / the stress behaviour of a 
pin hole near the centre of an anisotropic 
disc has been found to be normal- This needs 
to be further probed. 
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